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LONG LIFE 80Ah STANDARD IPV NIH2 BATTERY CELL

J. D. Armantrout and J. S. Waller

Lockheed Missiles & Space Company, Inc.

IIII Lockheed Way

Sunnyvale, CA 94089

SUMMARY

A standard Nickel-Hydrogen (NiH2) Individual Pressure Vessel (IPV) battery cell is needed to

meet future low cost, high performance mission requirements for NASA, military, and civil space

programs. A common or standard cell design has evolved from the heritage of HST, MAlstar and

other Air Force Mantech cell designs with substantial flight experience, while incorporating some

of the historical COMSAT cell design features described in Reference (1). Key features include

slurry process nickel electrodes having high strength, long life and high yield (lower cost), and

dual layer Zircar separators for improved KOH retention, uniformity and longer life. The cell

design wiU have a zirconium oxide wall wick inside the pressure vessel to redistribute electrolyte

and extend life. The slurry, electrode will be 35 mils thick to take advantage of qualified cell

mechanical configurations and proven assembly and activation techniques developed by Eagle

Picher Industries (EPI) for the Hubble Space Telescope (HST) RNH-90-3 and "Generic HST"

RNH-90-5 cell designs with back-to-back nickel electrodes produced by the dry sinter process.

The 80Ah common cell design can be scaled to meet capacity requirements from 60Ah to 100Ah.

Producibility, commonality, and long life performance will be enhanced with the robust cell design

described herein.

BACKGROUND

The battery cell technology flow shown in Figure 1 summarizes evolution of various battery cell

designs at LMSC beginning with the Air Force NiH2 Flight Experiment. This led to development

of the RNH-76-3 cell design by EPI. Back-to-back truncated disk slurry aqueous (Bell) process

nickel electrodes developed in the 1970s by COMSAT were combined with asbestos separator

material for the RNH-76-3 cell design. Back-to-back pineapple slice dry sinter aqueous (Bell)

process nickel electrodes were later developed in the 1980s by EPI for HST and Milstar battery

applications. These applications utilize Zircar separators in conjunction with cell stack design

concepts developed by Hughes Aircraft Corporation and the Air Force, which were later qualified

for the HST RNH-90-3, "Generic HST" RNH-90-5 and Milstar RNH-76-11 Mantech ceils.
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Performance advantages of the Mantech cell type used by LMSC include lower cell impedance

from use of Zircar material in place of asbestos separator used for the COMSAT cell, greater yield

in cell build due to decreased sensitivity to electrolyte quantity, and greater energy density due to

the high porosity (84%) dry simer plaque. The COMSAT cell design, using slurry 80% porosity

plaque with improved strength properties, has improved plate yield (lower cost) versus the dry

simer pla_lue cell design. A desire to combine the best characteristics of the COMSAT and

Mantech cell configurations has led to the common cell design described herein.

GENERAL CELL DESCRIPTION

The standard cell design described herein has been designated an RNH-90-9 cell by EPI based on

similarity to the tLNH-90-5 cell design. The design builds upon heritage of HST, Milstar and other

Air Force Mantech cell designs with substantial flight experience, while incorporating some of the

historical COMSAT cell design features described in Reference (1). The 80Ah NiH2 battery cell

will have 48 slurry process nickel electrodes contained in a 9.0 inch long pressure vessel with a

0.030 inch nominal wall thickness. Key features include slurry process nickel electrodes with 80%

porosity for high strength, long life and high yield (lower cost), and dual layer Zircar separators

for improved KOH retention, uniformity and longer life. The electrolyte concentration will be 31%

KOH in the discharged state for improved low temperature discharge voltage performance. The

cell design will have a zirconium oxide wall wick inside the pressure vessel to redestribute

electrolyte and extend life. While LMSC has chosen a 48-electrode version of the common cell to

avoid mechanical requalification, this design could be easily scaled to meet capacity requirements

fi'om 60Ah to 100Ah. The slurry electrodes will be 35 mils thick to take advantage of qualified

Mantech cell mechanical configurations, and proven assembly and activation techniques identified

in Reference (2) for the HST RNH-90-3 cell design with back-to-back nickel electrodes produced

by the dry sinter process. The common ceil design will have 5/16 inch terminals and four electrode

tab thicknesses of 5, 7, 9 and 11 mils for lower cell impedance at discharge rates greater than 40A.

The ceil will weigh approximately 2072g and have a rating of 80Ah at a 40A (C../2)discharge rate to

1.10V/ceil (24.2V/Battery) following a standard charge at 0°C. Nickel precharge in the range fi'om

15% to 20% should result in a maximum expected operating pressure 0V[EOP) of 1075 psi at

beginning of life 03OL) for this cell design. It has been demonstrated that pressure vessels made

with 0.030 inch base Inconel 718 material provide a nominal safety margin of 3X for an MEOP of

1100 psi on RNH-76-3 ceils.

1994 NASA Aerospace Battery Workshop - 186- Nickel-Hydrogen Design Session



The common cell is not optimized for minimum weight for BOL capacity performance, however,

in theory, stronger plate material should have longer life under similar operating conditions. This

would allow greater DOD operation for the common cell in both geosynchronous and low earth

orbit (LEO) applications which should minimize or eliminate the weight penalty. Test data

summarized in Reference (3) show operational performance characteristics over the temperature

range from -10°C to +200C for the RNH-90-5 cell design with back-to-back nickel electrodes

produced fly the dry sinter process. The common cell, designated as RNH-90-9, should have

similar electrical performance characteristics as the "Generic HST" RNH-90-5 cell design. The cell

would have a rating of 80Ah at a 40A (C/'2) discharge rate to 1.10V/cell (24.2V/battery) following

a standard charge at 0°C. Testing of the RNH-90-5 cell was accomplished to identify usefulness of

the common cell in a genetic LEO application. This short term testing identified advantages over

the COMSAT cell type which the common cell will replace. Other predicted performance and

operating characteristics of the cell are discussed in the following section.

PERFOR_L_NCE PREDICTION

The electrical and thermal performance of an RNH-90-5 cell similar to that used on HST was

initially characterized over a matrix of operating conditions from -10*C to +20°C. Testing included

standard capacity tests and electrical cycling using 12-hour cycling regimens incorporating constant

DOD cycles with step changes in the cell current at three points in the discharge as described in

Reference (3). Subsequently, cycling was performed to characterize cell voltage under both

constant charge/constant discharge conditions required for a LEO operating environment at +100C.

Four discharge rates (40A, 55A, 75A and 90A) were used in a cyclic scheme which subjected cells

to a constant 44 percent DOD each cycle. Because of the relatively high charge rate (38A) required

to maintain energy balance for the LEO test, it was necessary to raise the voltage/temperature (V/T)

charge termination level to 1.54V/cell (33.9V/battery) to achieve stabilization during the test. Post

+10°C capacity testing shows a usable capacity of 70Ah for a recharge ratio of 1.02 to 1.20V/cell

(26.4V/battery) at a 40A (C/'2) discharge rate. V/T optimization should allow for a greater usable

capacity. The discharge scheme for the four distinct cycles was as follows:
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(_ycle A: 40A for 13.3 rain., 75A for 7.1 rain.

55A for 9.7 rain., 90A for 5.9 rain.

55A for 9.7 min., 90A for 5.9 min.

40A for 13.3 min., 75A for 7.1 min.

90A for 5.9 rain., 40A for 13.3 rain.

75A for 7.1 rain., 55A for 9.7 rain.

75A for 7.1 min., 55A for 9.7 rain.

90A for 5.9 min., 40A for 13.3 rain.

Cycles were performed in the order A,B,C,D,A,B,C,D etc. Cycling was repeated until "stability"

was reached. Stability is reached when time to charge off for consecutive cycles does not differ by

more than 4 minutes and the discharge voltage is stable. Data shown in Attachment 1 summarize

test results obtained at the four discharge rates for these operating conditions. These data

demonstrate capability of the "Generic HST" RNH-90-5 cell design to operate at a maximum DOD

of 44% and meet a peak 80A load for a 22-ceLl battery over a voltage range from 26.4V to 33.9V

at +10°C. It is expected that the standard 80Ah NiH2 battery cell described herein will have similar

electrical performance characteristics as the "Genetic HST" RNH-90-5 cell.
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ATTACHMENTS

(1)

(2)

RNH-90-5 Characterization Tests Conducted By Eagle Picher Industries

Presentation Charts
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ATTACHMENT 1.

RNH-90-5 CHARACTERIZATION TESTS

CONDUCTED BY EAGLE PICHER INDUSTRIES
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ATrACHMENT 2.

PRESENTATION CHARTS
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